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Effects of N-acetyl cysteine on mitochondrial ROS, mitochondrial
dynamics, and inflammation on lipopolysaccharide-treated human
apical papilla cells
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Abstract
Objectives N-Acetyl cysteine (NAC), a well-known antioxidant molecule, has been used to modulate oxidative stress and
inflammation. However, no studies have examined the effect of NAC in regenerative endodontic procedures (REPs).
Therefore, the aim of this study was to investigate the effects of NAC on cell survival, mitochondrial reactive oxygen species
(mtROS) production, and inflammatory and mitochondria-related gene expression on lipopolysaccharide (LPS)-treated apical
papilla cells (APCs).
Materials and methods To assess the NAC concentration, 5 and 10 mM NAC were administered to LPS-treated APCs. Cell
proliferation was measured at 24, 48, and 72 h by using AlamarBlue® assay. The 5-mMconcentration was further analyzed using
different treatment durations: 10min, 24 h, and the entire study period. The mtROS production was quantified usingMitoSOX™
Red and MitoTracker™ Green. RT-PCR was used to detect the expression of IL-6 and TNF-α inflammatory genes and
mitochondrial morphology–related genes (Mfn-2/Drp-1 and Bcl-2/Bax) at 6 and 24 h. The statistical significance level was set
at 0.05.
Results Five-millimolar NAC promoted the highest LPS-treated APC proliferation. The use of 24-h NAC stimulated cell
proliferation, whereas the entire-period NAC application (> 48 h) significantly reduced the cell number. The mtROS levels were
slightly altered after NAC induction. Ten-minute NAC treatment downregulated the IL-6 and TNF-α expression, whereas the
expression of Bcl-2/Bax and Mfn-2/Drp-1 ratios was upregulated at 6 h.
Conclusions Under the LPS-induced inflammatory condition, NAC stimulated APC survival and decreased inflammation. Ten-
minute NAC treatment was sufficient to reduce the level of inflammation and maintain the mitochondrial dynamics.
Clinical relevance Ten-minute NAC application is sufficient to reduce the level of inflammation and maintain the mitochondrial
dynamics. Therefore, NAC may be considered as a potential adjunctive irrigation solution in REPs.
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Regenerative endodontics

Introduction

Regenerative endodontic procedures (REPs) have been de-
fined as biologically based procedures designed to regenerate
a fully functional pulp–dentin complex by using the tissue
engineering concept [1–3]. This technique has recently gained
interest as a new alternative treatment technique for treating
necrotic immature permanent teeth with apical periodontitis
because it influences root development [4, 5]. The treatment
procedures of REPs involve two main clinical steps, namely,
disinfection and regeneration steps. In the regeneration step,
bleeding is created inside the root canal by intentionally
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stimulating the apical tissues [6, 7]. The evoked-bleeding step
from the apical papilla tissues leads to a significant influx of
stem cells from the apical papilla into the root canal systems
[6–9]. These cells are incorporated with the natural scaffold
and play vital roles in tissue regeneration. Given that one of
the main causes of pulpal necrosis is bacterial infection, dis-
ease progression leads to the activation of pathological cas-
cades [10]. Therefore, it is essential to control those situations
that potentially distress the stem cells at the tooth apex.

Lipopolysaccharide (LPS), a common imitator used for the
induction of inflammation, activates various signaling path-
ways, resulting in pro-inflammatory cytokine production [11,
12]. During the progression of the inflammatory process, in-
tracellular reactive oxygen species (ROS) is upregulated,
resulting in mitochondrial dynamic changes and leading to
cell apoptosis if uncontrolled [13–15]. Hence, the control of
mitochondrial dynamics would allow cells to survive during
inflammation [16, 17].

N-Acetyl cysteine (NAC), a free radical scavenger, has
been generally used to treat oxidative stress–related diseases
[18], reduce excessive ROS production, and regulate cell pro-
liferation, differentiation, and apoptosis [19–25]. Various
studies in the dental field have investigated the effects of
NAC [19, 26–30]. Most of those studies examined the neu-
tralizing effects of NAC on different types of materials. NAC
improves cell survival and proliferation [19, 26, 31–35]. It
also exhibits anti-inflammatory effect by suppressing the ac-
tivation of pro-inflammatory cytokine production and im-
mune response [36–38]. Moreover, the use of NAC as an
intracanal medicament and root canal irrigating solution ex-
hibits antimicrobial effects against both planktonic bacteria
and bacteria in biofilms [20, 23, 25]. However, no studies
have examined the effects of NAC in REPs, in particular the
effects of NAC on apical papilla cells (APCs) under inflam-
matory conditions. Therefore, this study examined the effects
of NAC on inflammation-induced APCs, in terms of cell sur-
vival, mtROS production, inflammatory cytokine production,
and mitochondrial dynamics.

Materials and methods

Primary human APC culture

All procedures were in accordance with the ethical standards
by the Human Experimentation Committee, Faculty of
Dentistry, Chiang Mai University, Chiang Mai, Thailand.
APCs, obtained from apical papilla tissues of non-carious im-
mature mandibular third molars from 16- to 20-year-old pa-
tients (N = 3), were gently separated and digested in a solution
of Collagenase I (Gibco/Invitrogen, Gaithersburg, MD, USA)
and Dispase II (Sigma-Aldrich, St. Louis, MO, USA) for
45 min at 37 °C. APCs were cultured in complete alpha-

minimum essential medium (⍺-MEM) (Sigma-Aldrich) con-
taining 10% fetal bovine serum (Sigma-Aldrich), 1%
penicillin–streptomycin (Sigma-Aldrich), and 100 μmol/L L-
ascorbic acid (Sigma-Aldrich) at a 37 °C humidified atmo-
sphere of 95% air and 5% CO2. Cells from the second to third
passages were used. All experiments were conducted in
triplicate.

AlamarBlue® cell proliferation analysis

APCs, at a density of 1 × 103 cells per well in 96-well plates,
were seeded. Then, 20 μg/mL LPS (L4391, Sigma-Aldrich)
was added for 24 h followed by NAC (A7250, Sigma-
Aldrich). These concentrations were selected according to
the results of our pilot study (data not shown). Cell prolifera-
tion was measured and calculated using AlamarBlue® Assay
(Bio-Rad Laboratories Inc., Hercules, CA, USA) at 24, 48,
and 72 h.

Two main experimental studies were assigned to evaluate
the various concentrations and durations of NAC treatment.

Part A. Concentration of NAC treatment

Five experimental groups were assigned as follows:

1 Control: APCs cultured in regular complete media
2 LPS: APCs cultured in 20 μg/mL LPS-containing regular

complete media
3 LPS/media: APCs cultured in 20 μg/mL LPS-containing

regular complete media for 24 h and changed into regular
complete media

4 LPS/5 mM NAC: APCs cultured in 20 μg/mL LPS-
containing regular complete media for 24 h and changed
into regular complete media with 5 mM NAC supplement

5 LPS/10 mM NAC: Similar to the previous group, but
10 mM NAC supplement was applied.

Part B. Duration of NAC treatment

The experimental groups were designed similar to those in
Part A, except that NAC at only 5 mM was selected.
Exposure times at 10 min, 24 h, and entire culture periods
were selected. The 10-min application was based on the pos-
sibility for use as the root canal irrigating solution in clinical
application. In the groups in which NACwas administered for
a short period, the complete medium was immediately re-
placed at the specified time and continuously cultured. Cell
proliferation was measured at 24, 48, and 72 h (Fig. 1A).

Six experimental groups were assigned as follows:

1 Control: APCs cultured in regular complete media
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2 LPS: APCs cultured in 20 μg/mL LPS-containing regular
complete media

3 LPS/media: APCs cultured in 20 μg/mL LPS-containing
regular complete media for 24 h and replaced with regular
complete media for the remainder of the study period

4 LPS/NAC10min: APCs cultured in 20 μg/mL LPS-
containing regular complete media for 24 h and replaced
with 5 mM NAC-containing regular complete media for
10 min

5 LPS/NAC24h: APCs cultured in 20 μg/mL LPS-
containing regular complete media for 24 h and replaced
with 5 mM NAC-containing regular complete media for
24 h

6 LPS/NAC: APCs cultured in 20 μg/mL LPS-containing
regular complete media for 24 h and replaced with 5 mM
NAC-containing regular complete media for the remainder
of the study period

Mitochondrial ROS production analysis

The samples assigned in Part B were analyzed for ROS pro-
duction and RT-PCR at 6 and 24 h after stimulation (Fig. 1B).
ROS production in mitochondria (mtROS) was measured
using the Mitosox™ Red–based and MitoTracker™ Green
indicators (Thermo Fisher Scientific, Waltham, MA).
Briefly, APCs at a concentration of 2 × 105 cells/well were
cultured in a 96-well plate. After 6- and 24-h incubation, the
cells were washed and incubated with 100-μL buffer contain-
ing 25 nM MitoTracker™ Green for 20 min at 37 °C and
100 μL of 5 μM Mitosox™ Red for 10 min. The cells were
again washed, and their fluorescence intensity was measured

with a microplate reader (CLARIOstar Plus microplate reader,
BMG LABTECH, Ortenberg, Germany), using wavelengths
at 510/580 nm and 490/516 nm. The ratio of MitoSOX™ Red
to MitoTracker™ Green was calculated to evaluate the ROS
per mitochondrion. Mitochondrial distribution imaging was
examined under a fluorescence microscope (Olympus,
Tokyo, Japan).

Real-time polymerase chain reaction

APCs were seeded and treated in 6-well plates at a concentra-
tion of 3 × 105 cells/well. After 6- and 24-h incubation, total
RNA (Nucleospin RNA II extraction kit, Macherey-Nagel,
Duren, Germany) was extracted and reversed transcripted
using the ReverTra Ace kit (Τoyobo Co., Ltd., Osaka,
Japan). Gene expression analyses were performed in triplicate
samples with SYBR Green (Takara, Otsu, Japan) by using a
LightCycler 480 Real-Time PCR system (Roche Applied
Science, Rotkreuz, Switzerland). The condition of RT-PCR
was 45 cycles of denaturing at 95 °C for 10 s, annealing at
60 °C for 20 s, and extension at 72 °C for 40 s. The primers for
amplification of IL-6, TNF-α, Mfn, Drp-1, Bax, and Bcl-2
were designed based on published sequences as follows:
GAPDH (forward) ACC ACA GTC CAT GCC ATC AC,
(reverse) TCC ACC ACC CTG TTG CTG TA; IL-6
(forward) ACA GCC ACT CAC CTC TTC AG, (reverse)
CCA TCT TTT TCA GCC ATC TTT; TNF-α (forward)
CCC GAG TGA CAA GCC TGT AG, (reverse) GAT GGC
AGAGAGGAGGTTGAC;Mfn (forward) ATG CAT CCC
CAC TTA AGC AC, (reverse) CCA GAG GGC AGA ACT
TTG TC; Drp-1 (forward) ACC CGG AGA CCT CTC ATT
CT, (reverse) TGA CAA CGT TGG GTG AAA AA; Bax

Fig. 1 Schematic diagram showing the experimental procedures
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(forward) CCA GCT CTG AGC AGA TCA TG, (reverse)
TGC TGG CAA AGT AGA AAA GG; Bcl-2 (forward)
GAC TTC GCC GAG ATG TCC AG, (reverse) CAG GTG
CCGGTT CAGGTACT. Quantification of each mRNAwas
normalized with the housekeeping enzyme GAPDH. The
2−ΔΔC

T method was used to determine the mRNA levels.

Statistical analysis

All experiments were conducted in triplicate and statistically
analyzed using one-way ANOVA and either Tukey’s or
Dunnett’s T3 test by using SPSS 23.0 software (SPSS Inc.,
Chicago, IL). The difference between experimental groups
was considered to be statistically significant at P < .05.

Results

Effects of NAC concentration and exposure time on
LPS-treated APC proliferation

The freshly extracted apical papilla cells showed a fibroblast-
like morphology. The cells initially started to form multiple
sporadic clusters containing small spindle-shaped cells. After
7 days, the cells arranged in a monolayer were observed.

For the experimental results, the LPS/5mMNAC and LPS/
10 mM NAC groups showed the highest cell proliferation at
24 h (P < .05). Cell proliferation in the control, LPS, and LPS/
media groups increased for up to 72 h. At 48 h, the LPS/
10 mM NAC group showed the lowest cell proliferation
(P < .05). At 72 h, both groups using 5 mM and 10 mM
NAC had significantly lower cell proliferation compared with
the control group (P < .05) (Fig. 2a). Therefore, NAC at the
concentration of 5 mM was selected for further studies.

The proliferation of LPS-treated APCs after exposure to
5 mM of NAC for 10 min, 24 h, and the entire study period
was evaluated. At 24 h, no differences in cell proliferation
were observed among the groups. At 48 and 72 h, the LPS/

NAC (entire period) group exhibited the lowest cell prolifer-
ation (P < .05), whereas the highest cell proliferation was ob-
served in the LPS/NAC24h group (P < .05) (Fig. 2b). At all
time periods, the exposure of NAC for 10 min did not distress
the cell proliferation.

Mitochondrial ROS production of LPS-treated APCs
after NAC treatment

The mitochondrial ROS level was significantly increased in
the LPS group at both periods when compared with the con-
trol group (P < .05). At 6 h, the ROS level was notably re-
duced in the LPS/media and LPS/NAC groups compared with
the LPS group (P < .05). At 24 h, most of the groups showed a
comparable ROS level compared with the control, except the
LPS group (Fig. 3A). For the fluorescent images, a high in-
tensity of MitoSOX™ Red was observed in the LPS group
(Fig. 3B). Mitochondria were diffusely distributed (Fig. 3C).

Expression of inflammatory markers and
mitochondrial morphology–related genes of LPS-
treated APCs after NAC treatment

IL-6 and TNF-α

Amarked upregulation of IL-6 expression was observed in the
LPS group at both periods (P < .05) (Fig. 4a). Positive trends
in TNF-α expression were also observed in the LPS group
(Fig. 4b). In all treatment groups involving the removal of
LPS, the expression of both inflammatory markers was re-
duced when compared with the LPS group at both time points.
Significant reductions in TNF-α and IL-6 were noted in the
LPS/NAC10min group at 6 h (P < .05).

Bcl-2/Bax and Mfn-2/Drp-1

To explore the anti-apoptotic/pro-apoptotic property, the
ratio of the Bcl-2/Bax gene was evaluated. At 6 h, the

Fig. 2 Cell proliferation of LPS-treated APCs in response to different
concentrations of NAC at different time points (a). The LPS/5 mM
NAC and LPS/10 mMNAC groups showed the highest cell proliferation
at 24 h. The LPS/10 mMNAC group showed the lowest cell proliferation
at 48 h. Both the LPS/5 mMNAC and LPS/10 mMNAC groups showed
the lowest cell proliferation at 72 h. Cell proliferation of LPS-treated

APCs in response to different treatment durations of NAC at different
time points (b). At 48 and 72 h, the LPS/NAC24h group showed the
highest cell proliferation, whereas the LPS/NAC group showed the low-
est cell proliferation. *P < .05 comparedwith the control group. Statistical
analyses were performed using one-way ANOVA and either Tukey’s or
Dunnett’s T3 test
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expression was significantly upregulated in most of the
groups when compared with the control group. A
marked increase was observed in the LPS/NAC and
LPS/NAC10min groups (P < .05) (Fig. 4c). Conversely,
at 24 h, the expression levels were downregulated in
most of the groups, except that the LPS/NAC10min
group showed significant constant upregulation com-
pared with the other groups involving the removal of
LPS (P < .05).

To measure the mitochondrial dynamics (fusion/fission),
the ratio of the Mfn-2/Drp-1 gene was examined. At 6 h, the
expression was significantly reduced in the LPS group
(P < .05), whereas it was increased in the other groups (Fig.
4d). By contrast, at 24 h, all groups had similar trends, show-
ing the downregulation of these genes when compared with
the control.

Discussion

This study evaluated the influence of NAC supplementation
on APCs under an inflammatory-induced condition from var-
ious aspects, including cell survival, genes regulating pro-
inflammatory cytokine production, and mitochondrial dynam-
ics. NAC promoted proliferation of LPS-treated APCs when
used at 5 mM for 24 h. Ten-minute application of NAC main-
tained the survival of the cells comparable with the control.
Longer application of NAC (> 24 h) generated deteriorating
effects on cell survival. NAC helped retain the mtROS level of
LPS-treated APCs at the same level as in the control group.
Besides, 10-min NAC application decreased the levels of IL-6
and TNF-α gene expression in LPS-treated APCs. The ex-
pression of Bcl-2 and Mfn-2 genes were upregulated in the
presence of NAC at 6-h observation.

Fig. 3 Bar graphs represent the
ROS production per
mitochondrion at 6 and 24 h (A).
Representative images of
MitoSOX™ Red staining of
mitochondrial superoxide (B).
The fluorescence images of
MitoSOX™ Red in red and
MitoTracker™ GREEN in green;
the nuclear DAPI stain is in blue
(C). Scale bars = 50 μm. Data are
presented as mean ± SD.
Statistical analyses were
performed using one-way
ANOVA and Tukey’s test. a, b,
and c represent significant differ-
ences between groups. a indicates
the highest average and c indi-
cates the lowest at each time point
(P < .05)
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Various concerns have been raised in the field of regener-
ative endodontics [7]. The main purpose of regenerative end-
odontics is to promote consistent best treatment outcomes.
One of the major approaches is the modification of procedures
related to the cell-based tissue engineering perspective. Apical
papilla tissues have been of interest since they are potentially
renewable sources of stem cells located around the root of
immature teeth [9]. Clinically, in necrotic immature teeth re-
quiring REPs, most of the teeth become necrotic because of
negative insults, particularly infection, mainly from gram-
negative anaerobic bacteria, followed by inflammation.
Therefore, in this study, the APCs were initially induced by
bacterial LPS to create a clinically relevant environment.
Studies have reported that LPS induced ROS production in
various cell types, including human dental pulp cells, peri-
odontal ligament fibroblast, and gingival fibroblast cells,
which in turn triggered the impairment of cellular functions
[24, 39–41]. The pathological levels of ROS inhibit cell pro-
liferation and differentiation and, finally, induce apoptosis
[42, 43]. Therefore, it would be beneficial to control the situ-
ation after the cells are confronted with inflammation.

NAC, an antioxidant widely used in medicine, is one of the
most interesting materials that possess the potential to modu-
late oxidative stress under a variety of conditions [11, 40, 41,
44–46]. In the dental field, NAC helps to reduce the cytotoxic
effects of dental materials by inhibiting cell apoptosis, regu-
lating cell proliferation and differentiation, and controlling the
synthesis of intracellular ROS [26, 28, 47]. Several studies
have reported the anti-inflammatory effect of NAC in dental

cells under oxidative stress conditions [11, 24, 37]. Moreover,
NAC showed greater efficacy in biofilm cell removal and
killing than saturated calcium hydroxide solution and 2%
chlorhexidine solution [25]. NAC used as a root canal irrigat-
ing solution showed greater inhibition of Enterococcus
faecalis and Streptococcus mutans compared with 5.25% so-
dium hypochlorite and 2% chlorhexidine [23]. Therefore, the
adoption of NAC into REPs would offer some benefits since it
could control the inflammation and improve the mitochondria
function while also reducing bacterial contamination.

The results show that the application of 5 mM NAC con-
trolled the proliferation of LPS-treated APCs. The use of NAC
either for 10 min or 24 h maintained and even stimulated cell
proliferation. These findings are consistent with those of pre-
vious studies reporting NAC-stimulated cell survival and
inhibited cell apoptosis [16, 19, 28, 44, 46], for which several
mechanisms have been proposed, including the induction of
the NF-κB pathway [19], the reduction of oxidative stress [16,
28, 44, 46], and the inhibition of the intrinsic mitochondrial
pathway [16, 28, 44, 46]. However, prolonged exposure to
NAC (> 48 h) exhibited a deteriorating effect on the prolifer-
ation of LPS-treated APCs in our study. The reasons may be
due to the alteration of the intracellular redox status and the
inhibition of the MAPK pathway [48]. Therefore, the duration
of NAC treatment is critical.

With regard to the antioxidant effect of NAC, several stud-
ies have reported significant ROS reduction after NAC appli-
cation in the dental field [11, 40, 41, 44–46]. However, in our
study, we focused only on the mtROS since mitochondria are

Fig. 4 The effects of NAC on
inflammatory markers (a, b),
apoptotic markers (c), and
mitochondrial morphology–
related markers (d). Untreated
APCs served as the normal con-
trol for comparison of relative
gene expression in all samples.
Data are presented as mean ± SD.
Statistical analyses were per-
formed using one-way ANOVA
and Dunnett’s T3 test. A, B, and
C represent significant differences
between groups at 6 h; A indicates
the highest average and C indi-
cates the lowest. a, b, and c rep-
resent significant differences be-
tween groups at 24 h; a indicates
the highest average and c indi-
cates the lowest (P < .05)
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a major source of ROS production. Surprisingly, the applica-
tion of NAC did not alter the level of mtROS. Only the re-
moval of LPS significantly reduced the mtROS level. We
speculate that the reduction in mtROS does not depend direct-
ly on the anti-oxidative effect of NAC itself [45, 49]. Another
role of NAC in GSH replenishment might be a concern [50].

For inflammatory marker expression, LPS activates var-
ious signaling pathways, such as NF-κB, MAPK, and p53,
resulting in pro-inflammatory cytokine production [24, 37,
51, 52]. In our study, the expression of IL-6 and TNF-α
genes were upregulated in the presence of LPS, whereas
the expression were markedly reduced when LPS was re-
moved. These findings endorse the bacterial disinfection
step as an early phase of regenerative treatment because
the reduction of inflammatory cytokine overexpression of-
fers benefits for cell survival and wound healing. Focusing
on the supplementation of NAC, a significant reduction in
TNF-α and IL-6 was observed in the LPS/NAC10min
group. This finding is consistent with that of a previous
study revealing the effect of short-term treatment with a
low concentration of NAC on inflammatory cytokine re-
duction [51]. In that study, the long duration of NAC treat-
ment was also tested and revealed that it reversed the level
of inflammation as a result of a different activation path-
way (via the MAPK, rather than the p53-dependent path-
way) [51]. Similar to our results, the considerable increase
in IL-6 expression was detected in cells with a prolonged
period of NAC treatment. Therefore, short-term NAC
treatment (10 min) was more effective than long-term
(24 h) treatment in reducing pro-inflammatory cytokines.
However , the mechanisms involved in the ant i -
inflammatory effect of NAC remain unclear. It is possible
that the elevation of p53 expression, after NAC stimula-
tion, subsequently inhibits the proinflammatory cytokine
expression [51]. Moreover, its antioxidant activity, its abil-
ity to modify signaling molecules, and its ability to inhibit
cell death are other supportive rationales [11, 19].
However, there are various inflammation-related genes,
for example, NADPH Oxidase 4 (NOX4), IL-1β, prosta-
glandin E-2 (PGE-2), and matrix metalloproteinase-2
(MMP-2), which play important roles in inflammation
[53–56]. Future studies are required to investigate the ef-
fect of other pro-inflammatory genes.

Apoptosis is an important mechanism in maintaining tissue
homeostasis [57]. Bcl-2, an anti-apoptotic protein, has been
proved to regulate this process accompanied with Bax, a pro-
apoptotic protein [28, 46, 58]. The balance between Bcl-2 and
Bax determines cell survival [57, 58]. In our study, after LPS
stimulation, the upregulation of the Bcl-2/Bax ratio was ob-
served at 6 h and was abruptly downregulated in some groups,
except LPS/NAC10min, at 24 h. A previous study reported
high expression of Bcl-2 after LPS exposure as a result of
specific induction from immune cells and cytokines [59].

Therefore, the high expression of the Bcl-2/Bax ratio after
exposure to LPS at an early time period may have suddenly
impeded cell apoptosis. Besides, it is interesting that the ap-
plication of NAC for a short period sustained the expression of
the Bcl-2/Bax ratio, whereas application for the entire study
period significantly reduced the Bcl-2/Bax ratio. It is possible
that the duration of NAC treatment is a major concern, as also
shown by the cytotoxicity of NAC at 48 and 72 h.

Mitochondria are highly dynamic organelles, controlled by
coordinated cycles of fusion and fission [60]. Mitochondrial
fusion, a process that alleviates mitochondrial stress by merg-
ing the contents of two mitochondria, is regulated by
mitofusin 2 (Mfn-2) [60].Mitochondrial fission, a process that
allocates mitochondrial content from one mitochondrion into
two mitochondria, is regulated by Dynamin-related protein 1
(Drp-1). The decrease in Mfn-2/Drp-1 ratio increases mito-
chondrial fission, causing mitophagy and physiological adap-
tation [61, 62], whereas an increase in the Mfn-2/Drp-1 ratio
improves the mitochondrial quality. In our study, the lowest
expression of the Mfn-2/Drp-1 ratio was observed in the LPS
group, whereas in other groups involving LPS removal, it
showed gradual increases in expression. In our findings, the
removal of LPS, either with or without NAC supplement,
strongly promoted an increase in the Mfn-2/Drp-1 ratio at
the early stage. The levels were then diminished at 24 h, sug-
gesting that the response was time dependent. However, it is
noteworthy that only the removal of infection by replacing it
with either regular media or NAC improved the mitochondrial
dynamics from the early stage.

Conclusion

Under the LPS-induced inflammatory condition, NAC stimu-
lated APC survival and decreased inflammation. Ten-minute
NAC treatment was sufficient to reduce the level of inflam-
mation and maintain the mitochondrial dynamics.
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